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Gsntiemer,, my intenzior_ is sim2i.y t 2  give you a b r i e f  de- 

s c r i p t i o n  of  ti;e G8ttinger~ a ind  tunilel. I shall first  szy a f.3-7- -  " .. 

ivorda as t o  hoa such z plant cane t o  be i n s t a l l e d  i n  G&t$ir,geii. 

The begim:',ng drbt?s bzck t o  t he  ff!40torlu."ts z h i f f  StuCie:?- 

& e s e l l s c h a f t "  !E'oaie-iy Tor Airship S t u d y ) ,  which was founded i n  

1906. O n  t1k-e Zecoriienda$ion of t h a  G8tticgen P rc fe s so r  of Xath- 

eiiiatics am2 PPysics, F e l i x  Klein, and E. A l t h o l f ,  ~ h o  vas t he  

c ? t t a t f o - n  t o  the naed of experlnentlng 02 xod916, as had long  

A more d e t a i l e d  desc r ip t ion  will aypew l a t e r  i n  the form of z 
book coni-' ,c..~ning t h s  r e s u l t s  0;' t h e  ex-pezirental --mzk of t ke  p l z ~ ~ t .  

x 
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. 

i n  ;he "'i'echnischs Berichte der Fhgzeugzeis te re i ! '  (Technical --- -. 

1e:in 02 t he  A i r  Seivize Administration).  Fron  t h e  beginr-ing I.? 

was of 3 terrporesy neture  and could no t  be sxyected t q  be pernr- 

nent ly  s:-tisfzctorT. I t  Kas doubt7.ess S e t t e r  pot  t o  Sui3-d i m e -  

dir t te ly  o n  l a g s  sca le ,  but t o  viait till the iEqu i remnts  had 

been c a r e f u l l y  ssorked ox t .  The small p l a i t ,  ::owsveT, consider- 

ing that it vas the  exyerirnental basis f o r  en 'i! l-i;inate l a r g e r  

an3 zore com?iete p l m t ,  did very sa t i s fcc to i -y  practical work. 

The endeavors t o  ob ta in  3" second bui ldfng  g3 Q u i t e  far back. 

I wrote the  first s r e s e a t a t i o n  of f a c t s  i n  February, 1911. 

1912 37e imn t h e  i n t e r e s t  of the Emperor Villim Society for t're 

Promotion of t h e  Sciences. 

aged m e ,  and it was our former chairman and pzesent honorary 

Eienber, Mr. 8 6 t t i n g e r ,  mho f o l l o t ~ e d  up ';he d i f f i c u l t  negotiations 

w l ~ h  t h e  Emperor 1 7 2 i l i a . n  Society so  e n e r g s t i c e l l g  that i n  19'14 

t he  p ro jec t  vas on the  p o i n t  o f  r ea l i za t ion .  

I n  

I t  vas ?.-,gain F e l i x  Klein mno egcour- 

Then ca3e t h e  'Y;ar ar,d our p lam mei-e 3rought t o  a standstill. 

f igu red  indeed on a s h o r t  war, and one thought a t  first Of 

undertaking s c i e n t i f i c  ;Fork n i th  increased srerg.  B u t  at  the  bs- 

ginning of 1915, :7hen -7e saw that t he  wcr i-ms going t o  last lon- 

ger,  179 undsrtook t o  a t t a i n  our goal by 2 d i f f e r e n t  road, anc! this 

t i m e  wizk t h e  suppcrt 0: t:le mi l i t a ry  m t h o z i t i s s .  

Yilliarn Soziety,  ~n ths basis o f  a G e t i t l o x  Zron n e ,  backad by 

aur honorary pres ident ,  F r ince  Hemy, secured from t h e  vlar adr;..ii?- 

istratioii z:: CppzoFriation 02 230,063 ixarks r?>l=h wzs e f t e x a r 3 z  

The Enperor 

i 
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i ccreased  t o  300,000. Thus t h e  way vas operLed f o r  ?.LS t o  carry 

out  our p lans ,  and indeed; on a consider2,bly l a r g e r  s ca l e  thaa 

t h e  p r o j e c t  of' 1912. 

N2,turally -&em vex? nany obs t ac l e s  t o  be overcome even i n  

1915, a d  s t i l i  ?;ore Curing t h e  a , c - t i ~ J  buil.&igg peziod. These 

delayed i t s  coxslet ion,  a f t e r  t he  fouridation xas bagun i n  the  

autumn of 1915, t i l l  the  spring of El?. Sizlce t5en the  p l a n t  

has bee2 i n  constant opercn,tion, v i t h  a penimeiit  increase i n  per- 

sonnel,  t o  n e z t  th2 i-ieeds of tl?e zaz adnin is tzz t ior i  2nd the ~ L z -  

plane f ac to r i e s .  i'be s c i e n t i f i c  a o r k  vas not x g l e c t e d ,  i-ionever. 

Concarning that  I had thz  pri-Ji iege of ddCiresslng y o u  i n  a theo- 

r e t i c a l  lectuze last y e a  i n  H : , m b ~ ~ g ,  

The 1:Ilant f i n a l l y  reached a peileormel o f  50,  imlud5ng ex- 

gineers ,  o f f i c i a d s  and. mrkmen, thou& I t  has nov been re&m?5 

t o  a -t.?iird o f  ';kat nr.nSsr. I t  is  eT.-iCent thae such high pres- 

5uTe (Te wez2 %ten  norking i n  %pro 3aily a::iP-*- !,SI coux no longel: 

be j r s t i f i e d  aztex ",he war, a3 t h e z e  was LO longer axy r eces s i ty  

fnr it. 

h a ~ ~ e  t o  be closed Gltogi=$her f o r  i e c k  05 r..leans, since i t  had r,ot 

Fer z, long t i n 3  r e  -.Ters anxioym i e s t  t h z  p l en t  mould 
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members5ip f e e  o f  lOOC o r  mors narks, - c h i &  i s  e q e 2 t e d  t o  s u p  

F o r t  the  p l m t  for f i v e  years. I e-u’ncrt tkose  in +;his assemSP:, 

r h o  a r e  i? e p o s i t i o n  t o  d o  so ,  t o  support the p l a n t  by jo in ing  

t h i s  society.  

expsnses w i l l  be raid by t h e  g o v e r n x z t ,  w h i l s  the iemaining h d f  

\ T i l l  be furn ished  5y ‘she Eaiperor E i l L l a m  Societl-.,  by t h e  (%t-lll?ge:: 

Society f o r  t h e  Promotion of Applizd Ektnenat ics  an? Physics,  ax6 

The e x p c 5 a t i o n  is  t h c t  smut nzlf of  t 3 e  r r m i n g  

b 

by t h l s  new supporting society.  

t i n u e  the  nork during the  next f e r  years  at l e a s t  as e f f i c i e n t l y  

as during the  ljast year. 

On t h i s  basis, we hope t o  con- 

Fig. 1 shcxis t h e  o l d  G x 11 a. i;lant. I n  the sec t iona l  p k ~  

is sho-Vrn the c y l i n d r i c a l  tunnel i n  -3bich a r o t a r y  fax V genera*es 

a n  air  cxr-ren’c as ilnciicated by the  azrovs,  V a r i o u s  aevices  ss rve  

$ 0  keep the  air curren t  as f r e e  from dis turbances as possible .  

h ‘airship mode’ i s  shcm ir, $he e q , e r i n a n t  mor?, ( I i j .  

I n  the  ses”uona1 elevet ion of -Ghe h t - l d i n g  t h e r e  i s  aga in  

s k m n  the  expezimezt roon nrtii the  yoci,el, :-4;ile h a l f  o f  tke l e f t  

Sid3 sl?o:~s t h 3  far, ar;d the c ther  ha;f t h a  s3-celled honeyccx3 

(G?.) 

ccrzent s. 

z systm of  l2srailsi ce l l s  desip-ec? t o  eli i i i inste diagonal 
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ha-qe a cross-section of 20 s q . m .  back of t h e  er- t rmce core -25- 

of or+lgT 4 99.11. at the t e s t i n g  Foint.  This increases  the  speed 

f i v e f c l d  acd %he momenta twenty-fivefold, f rom yvhich i t  f o l L o m  

tha t  t h s  f r r eg -c l a r i t i e s  ensuing f m m  the  in f low onLy r e i z t e  uc! 

values  of  1/25 of t he  momentun previously obtaining. 

o u t  spec ia l  ad jus txent ,  uniformit;T i s  assurad  ir, t h e  expe r imnt -  

a1 cross-section t o  within 4% of the  momentum, and 2$ of t he  

speed. Since t h e  uniformity i n  the  inflowing current i s  f a i r l y  

good t o  s tart  with, i t  is very  s a t i s f a c t o r y  i n  the experircental 

sec t ion .  I n  contxast mizh t h e  forner  p l m t ,  vdiere r e  could ob- 

t a i n  uniforrnity only through tedious adjustments vhich, i n  t h e  

course o f  time of ten  had t o  5 e  repeetecl, we here  obtained a sat- 

i s f a c t o r i l y  uniform cur ren t  at the  very ov.tset. 

Thus, w i t h -  

A great saving of  power i s  e f f ec t ed  by -:he anangement i n  

t h e  new plant. 

t k e r e  mas SI, grea t  l o s s  of energy i n  e l i n i n a t i n g  the  sddies.  

ha-:e therefore  put the s t ra ighten ing  device,  a honeycoriib w i t k  

cells of ozly about an inch diameter, in t h e  position of  l e a s t  

v e l o c i t y ,  thereby causing only a small l o s s  of energy. 

gy er?;erging f rom $he extzance cone, a s ide  f rom the l o s s e s  in t h e  

open strets’n,  is  u$ i l i zed  i n  the  f u r t h e r  c i r c rL la+ icn ,  s ince  the  

yfl?mle stzeara i s  again col lected.  

of t he  air stream ir t3e  experimental s e c t i o n  is  nea r ly  1 1/2 

t i n e s  t h e  energy of  t he  blast et the d r i v i n g  shaft of t h e  Slower. 

This  i s  rrade possi%le by t h e  f a c t  that *he k ine t i c  energy i s  par- 

I n  t h e  o l d  t*mr,el, rit5 i t s  uniforrA cross-seGtion, 

Xe 

The ener- 

I n  this way the  k i n e t i c  enezgy 



t i a l l y  recovered. i n  t h e  so l lec tor .  

sir erergy needs t o  be furnished. at -;he bloFer shaft. 

iIence o ~ l y  about 2 /3  of th,: 

I n  G6ttingen w e  have an a l t e r n a t i n g  m r r e n %  rhich r e x h r u  

tke  z e p l a t f o n  of t 3e  r.p.n. d i f f i c u l t .  Cocssquently, we 3zd.r? 

i r , s t a l l ed  a motor-generator s e t  ( c o n s i s t i n g  of an indxc ' ~ i o i i  23-  

tor TJhicn d r ives  EL dyrmno) by which t h e  blower motor i 9  drive?. 

The power p l a n t  a l s o  includes a smaller dynamo f o r  dzivl-ng t h e  

p rops l l e r - t e s t ing  dsvice and an e x c i t i n g  dynamo. 

Both dynamos are so-czlled Vard-Leonard dynamos which can be 

SUE at d i f f e r e n t  vo l tages ,  s o  t h a t  the  blover m&y be drives at 

ar,y des i red  speed from 50 t o  1100 r.2.m.  

there  is a regula t ion  system, cons is t ing  of a coarse and a f i n e  

Yeglllator, which inf luences the  f i e l d  exc i ta t ior i  of  the dyr,%Jlos. 

The fir ,e r egu la to r  is operated automatical ly  by a p r e s s c e  bal- 

cnce o r  regulator ,  

I n  t h i s  conzection, 

Fig. 3 is a diagran of the  pressure regulator .  I t  i s  q u i t e  

ccmplicated, and I : T i l l  not  try t o  expla in  all i t s  details here.  

TLe e s s e n t i a l  po ic t s  a r e  as foliorris: The excess prsssure  i n  tine 

entrance cone, where the  contract ion from 20 sq.n. t o  4 sq.m. 

t zkes  p lace ,  i s  cofimunicated by a pipe t o  the  ins ide  of  a  ova- 

b l e  cyl inder  inverted i n  a s ta t ionary  cy l inder  containing some 

s e a l i n g  l iquid.  

i e v e l  of the  l iqu-id lower inside than 0u-lsid.e the iiiovzble cy1Fn- 

dcer, t t e r e b y  exezt ing an upward force corzesponding t o  this d i f -  

ference i n  l e v e l ,  aga ins t  t h e  hor izonta l  belaace arm H. The 

The a iaszan  S ~ O X S  hot7 t 5 e  pressure m k s s  the  

! 
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e q u i l i b r i - m  of tLe balanze i s  r z s t o r d d  Sy ~ L a c i r g  weights 3n til3 

2an a5 t h e  bot tom, these  xeights  being of such saluLes as t o  giire 

air speeds o f  13, 15, e t c . ,  up t o  50 TIL p e r  sec. In the  neG; 

plant: t h i s  device i s  ;serfez=i,ly zut,ornatic, id i i le  i n  the  o l d  plant 

z coarse haid a d j u s t a e r t  vas necessaq .  Ir, fact, i t  i s  ordy nsc- 

essary  t o  press  a h - t t o r ,  t o  s e t  the  whole nachiiiery In ?ocYio~l, 

which automztical ly  adjusts i t s e l f  t o  t h e  s r e e d  s t  -,7hich the 

balance arm is horizontal .  T’ne whole machinery is  stopped by 

pressing another button. 
a 

The naximum poaer at the b l o w r  s h f %  is about 300 3P. 

With such a small e l e c t r i c  powe;. p l sn t  a s  that  of G8ttingen, 

care  must be exercised not  t o  nake g e a t  l oad  i l lcreases t o o  sud- 

denly. The automatic zegulztor tckes ca re  cf t’nZs. 

I n  Fig. 3 t he  codrse iegula5or i s  s 5 o m  a3ove t he  balance 

zrrn. 

pres s ion ,  so  that contac ts  c m  only +e made Then t k e  balance is 

very  unevenly loaded. A s  soon as zn 2,pproxiiiate adjustsimt is 

i--ia6e, the  cozrse regJlctor i s  smltclied- o f f  ami t h e  work i s  taker, 

I t  i s  provi&d v i t h  a spec ia l  system of sTrings undsr com- 

up by the  f i n e  r e s l a t o r ,  which is shozn below the .ba l ance  a r m .  

1% i s  so arranged t h a t  the fine r egu la to r ,  s f t e r  reaching its 

l i n : i t ,  switckes tke oocr sa  r e p ? - z t o r  a stel2 f u r t h e r  mc?. ther, an- 

o ther  s t ep  znd does this gr&&ialig, so thz t  as scon as the  

ccerae cdj7mtuizn-b i s  :.E~s, t t .e fir,e zzkvld+,or  resumes i t s  m r k .  

I n  t h i s  regula t ion  t h e r e  -,ms the  a i f l l cx l ty - - t ; ha t  it aoxld  

no t  be made, as In  ti12 case of a cteam engixe, Tor  a fixed r-3.n.; 



5ut must proceed by sir ssee&s Cron? 5 t o  50 m. Fer sec. ,  thus cov- 

e r i n g  a raage of ::la. 

r e e l a t o r ,  

f o ~  exarple, th9 s t a 3 i l i z L i g  of tk,e -2dance a m  by m a n s  ~f t he  

206s C &Ed T I  Ehich, I am fyee tz, c3nfes3, consumed cor-aiderable 

t i ne .  This  mzkes the bela2ce arm slower i n  i ts  r;.ovenents 2,s a o r e  

S J C ~  a rea-circment i s  made 02 r-o engine 

Consequen5ly, -re uene obl iged t o  invent devices (as> 

veights  are'addsd. 

so  balanced by the m i g h t  U over t h e  p i v o t ,  tha$ the  balance 

am ss.ririgs s1r;los-l astatically. 

WheE t:;lere are no n e i g a t s  on t he  pan, It i s  

There are :nary ot3-er d e t a i i s  m t  sho-m on the diagram znd 

xhich I have not  the time t o  describe, as, f o r  example, a device 

f o r  prevent ing ove r - r e s - l a t i cn  an& an  ad jus t ab le  device f o r  damp- 

ing tha  o s c i l l a t i o n s ,  e t c .  

Fig. 4 i s  ax accuzatg zeprosextation o f  the  entrance cone, 

-ahich can be t u n e d .  s l i g h t l y  up OT dam and t o  t he  r i@t 01 l e f t .  

This  is xecessary f o r  z c m a t e l y  a?jLxs-;Sng tke di rec t lon  0: the  

sir cirrZen$. The fo rces  ac5ixg on th?, k a l m c e  a r e  r e so lved  i r t o  

v w t i c a l  and horizontal .  In  adjustirlg t h i s  bzlance,  it& weight 

has  an k f l x z n c e ,  f o r  o m  hacgs vreighfu on ';he bL1ance and ob- 

serves  the def lsc5ion of t h e  horizon-cal an3 v e r 5 i c a l  ams. Whsn 

the a i r  cuz r s r t  I s  no+, l?orizon';si th5re  5 s  inacc-ua te  resolu- 

tlon of t h e  ccinponents a d ,  s jTz3  t k e  Crag is r s l a t i v e l y  sriall 

anC t h e  lifk large, an e r ro r  52 ';he dxg, 5hrough a l i f t  compo- 

nent ,  i s  very Ln-?,iri,a>h. TG scsori iqg7b.  vd-e c m t r o l  I;ieasure- 

ments: Gr,e -5th 'iiie c3nvex s l u e  0," t h e  a e r c l o i l  up, and the o t h a r  

n i t h  it a o m .  If b o t n  messurementc a r e  no3 t h e  szme, the  cone 
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i s  noc properly edjilsLued. 

Fig. 4 shms an arrangement Lhich ne h&ve eKploped (especi-  

a l l y  at f i z s t ,  before  ~ ~ l l  experir;,ectal arrangements nere e n t i r e l y  

completed) in measuring s imple r e s i skmces .  The model hmgs on 

v e r t i c a l  wires. The F i r e  underneath, w i t h  the iaeight, serves  t o  

. hold  t h e  measuring wire t a u t .  The l a t t e r  branzkes, i n  t he  cone, 

i n t o  tmo wires ,  whereby the res i s tance  t o  be neasured is resolv- 

e& into t w o  fo rces  i n  these d i rec t ions .  One mire goes t o  a bal- 

ance above the  cone where the force  can be measured. '?!e have em- 

ployed t h i s  device es-pecially f o r  hanging fu l l - s i zed  ob jec t s  i n  

t h e  air current  and measuring t h e i r  r e s i s t ance .  

l i s h e d  data wers obtained i n  t h i s  nanner. 

Vzrious pub- 

The entrance cone is  made of wood, l i n e d  u i t h  sheet-iron 

acd supported ex te rna l ly  by a l i g h t  iron framework, v i t h  vhicii 

t he  diagonal a d j u s t i n g  rods a re  coni2ected. 

cone is supported by a cast- i ron r i m  i n  t he  m a l l .  

part betweex t:ie entrance cone and the  blower, which is  made of 

wood and iron, t he  tunns l  i s  made o f  re ixforced  c o x r e t a ,  which 

The l a r g e r  end of the  

Excepting the  

has proved very sa t i s f ac to ry .  

re inforzed  concrete and simply brought i n t o  p o s i t i o n  viitii a crane 

and v~zllsci in. 

Even the  d e f l e c t o r s  pure ma& o f  

A measuring device serves  f o r  nieasuzing the  speed distribu- 

t i o n  i n  the  sir curzent, f o r  t e s t i n g  i t s  uniformity,  on the orie 

haiid, and f o r  determining the  speed i n  t h e  vicinity o f  t he  o b j e c t ,  

on the other  hand. This device i s  comparatively .new anci only a 
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f e n  t e s t s  hzre  g e t  Seen mc?e with It. 

shorn you a diagram of tie uniformity of t h e  aLr current.  

Otkervise, I mould have 

The 

reasoT? I do not do so is chiefly bez;tLse our recording mar,orr,eter 

r m s t  5 e  reconstructed,  i2 ordsr t o  do r e a l l y  accure te  m r k .  I 

exTect, howevez, t o  be & l e  t o  dto s o  a t  our next  neeting. O n  a 

car  which can ruln horizon%ally OE t he  wooden Tails, t k e r e  i s  a 

tower on which a secor,d car runs i n  a v e r t i c a l  direct ion.  

Through t h e  l a t t e r  zucs a rod  on t k e  end of which i s  a pressure 

gage. T3us 311 po in t s  can be  zezchsd. By a e a m  of  ad pressure 

recording device,  a lirie i s  dram foz e i t h e r  tke hor i zon ta l  o r  

v e r t i c a l  d i rec t ion .  

Fig. 5 s h o w  EL device that i s  loca t sd  under the  f l o o r  of 

t h e  experiment room, ( In  Fig. 4 t h i s  space i s  l e f t  empty, cor- 

responcling t o  its condi t ion at the beginning of 1917.) This is 
* 

.z very  coteworthy ob jec t ,  ccns is t ing  of a t u m i z b l s  a i t h  f l o a t s  

cad a trap. XheE tlne e x p e r i m n t a l  appara+,us i s  mhssied iriJ i t  

can ; lot  be l e f t  on -$heels, but nust ;-est on s ta t ionLry mp;corts, 

s ince  only t hus  cen accurs te  meighings be rads. Esnce it is nec- 

essa-ry t o  hzve some q e c i a l  provision foi: s u T p z t i n g  the  heavy 

aFpaiatus  which r e ighs  from 500 t o  1500 kg. We have h i t  uFon 

the expe5ient of lowering t h e  c e r t r s i  portion o f  t h e  track on 

S o u  spindles. These z , q  be e i t h e r  ou ts ide  the  t u r n t a b l e  o r  

even ori the  tcn+;a?=le ,  if riecessary, nhereby tlie e n t i r e  :Jecsu=ir_g 

epp3ratv.s caTz be smrg ti1zovg:i c noderate m g f e  ( 5 3  $hat ,  fcr ex- 

snple,  a -p;.oFelisr ciix be t e s t e d  in m o’aliaua pos i tLor i  w i t h  rzf- 
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erence t o  the  zir current . )  

I n  add i t ion  t o  the f a c t  t h a t  it c m  t u r n  on a c i r c u l a r  %Tack 

8, 

flQat,  7Fg. 5 s k o ~ s  l a r g e  p o t s  g o f  which t h e r e  are four.  

When mater is poured i n t o  these pots ,  the SG-Called float fram 

c i s  supported by tke f loats,  By pouring x a t e r  i n t o  the  pots, 

%be devicls has t h e  fmther  p e c u l i a r i t y  t h a t  a g a r t  of it carL 

ii lift of 0 t o  2000 kg. may be generated, s o  t ha t  t h e  hezviest  

o b j e z t s  can be f loated.  The purpose of the  floats i s  t o  eriable 

a h o r i z o c t a l  motion i n  a l l  d i r ec t ions ,  s o  t ha t  vhen we a t t a c h  one 

o r  xore’sca les  t o  the  object, ve can cieasme the  forces v i tho i t  

trouble f roni f r i c t i o n ,  

Fig. 5 sklovs, €or  example, an  object  held by stay x-ires w i t h  

its zxis v e r t i c a l ,  ready t o  be subjected t o  t h e  blast. Since it 

i s  a l l  mounted or? a h r n t a b l e ,  any s ide  may be turned tovaril +he 

a i r  cuzrent.  Thus far z rcv i s ion  ha3 only been rads f o r  measure- 
-- I ~ ~ C L A ~ S  _- of di-ag, =--it it i s  intended t o  provide ~ S O  f o r  l i f t  meas- 

ur ement s. 

Fig. 6 i s  a diagram of tine i r e a s u i n g  device,  %Ice SO-C311& 

3-com~onent b a h n c e ,  which has been chiez’lg ?me6 f o r  zcastlr ing 

l i f t ,  dfag and moment. I t  has been b u i l t  OE t k e  plen o f  the  very 

satisfactory device employed i n  t k e  o l d  r l a n t  , r i t k  sofile structu- 

ral irxprovmexts, ane also f o r  grsateer forces .  n l h e  a e r o f o i l s  a r e  

usually hung bottom up, so  that  t h e  l i f %  s t r e s s e s  the  ;Tires ir,- 

s t e a d  o f  slackening then. 

tha+ the  model, when it i s  no t  sui”ficient1y neighted, i s  lifted 

I n  the contrary sase, i f  may haspe-r;, 
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ar,d t h e  wires z e  broken. By the above-izdicate6 pethod, homver  

nclthing can kap-oen. TLtxn the  model is  n o t  heavy enough t o  m i t h -  

atand EL negative l i f t ,  a 5et-t a d d i t i o n d  weights a r e  huog on spsn 

wire s. 

The model is s-aqxndeb by ' ;be2  s e t s  o f  wires:  Gr the lePdd- 

i n g  edge, ~y a s e t  05 t h r e e  v i zes  (3, b, c ) ;  ir, t k z  :?sr by tw 

if i res  (a,  e > ;  and also i n  f r o n t  by a h o r i z o z t a l  T i r e  ( f ) '  aga ins t  

the air cui.i?ent. T>is suspensior, i s  s t a t i c a l l y  determined, nhic1-I 

i s  esser , t i a l  i n  ordez t L a t  a l l  meas-aremeats r ~ y  proceed snoothly. 

ihe  s t e t i c  deterrix, , tLon of any sucn weighir,g device i s  inCispec- 

szble f o r  a r e l i z b l e  

considerat ton i n  tl; 

the  cors t ruc t ion  of t k e  knife edges, a number of nev devices 

hzve been imreiited, 

n 

1 

hicompnent bzlance and i s  taken i n t o  

struction of a l l  the Salan2e jo in t s .  In b 

The fzont  aysten of v i r e s  hangs i? bride3 G, and. t h e  

r e a r  system f r m  anTzher bridge Gd- The p c i n t s  o f  a t ta&ment  

t c  the bridges may ke va r i ed  a t  w i l l .  

turn, f r o m  balar,ce a x s ,  joined i n  pArs by shzfts, t o  vhfck., t%e 

'or iQeE a r e  p a r a l l e l .  

extensians (HI: H a )  t o  mhich the  r cds  A ,  and A, ere attazked. 

The s c a k s  f o r  readir,g axe in t en t iona l ly  orxit-ieci iil t he  drawing. 

I n  1-eali-6'7, t k s y  a r e  IDca-led abcut vkrs  the  l e t t e r s  stalid. 

These 3 z i b g e s  haiig, i:? 

O n  the  €ront  end, t h e  bzlance arrqs have 

ThS <rag i-jire f ,  AS i n  F i g ,  4, t z m s f e r s  i t s  fo rce  t o  two 

@til% '-iizes g end h, 

t h e  balance *,'J (Fig.  6 ) .  

t h e  latter being a t t a c h e d  t o  the  arm o f  
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It  is  perkaFs uncecessary t o  s t a t e  t ha t  the axes a r e  EO$ 

r e a l l y  supported b;; crdinary bearings,  b~--b Oil czrefu l  ly ConSxCidt 

ed k n i f s  edges.’ The bea:lilrgs are  shown i n  t-92 dj?Z;JILg O r l i J f  202 

ths  sake of  s i n p l i c l t j -  m.6 clsarness.  As i n  t h e  OX pla-nt, the  

whole balance may be raised or lowered so as t o  c:i?,nge t h e  at-Lack- 

ing angle of t he  model. 

l eve r  a t  t h e  lower right-hand corner> which ;;?ay be s e t  at d i f f e r -  

en t he i gh t s. 

Th i s  is accoaplished by :’;seris of the 

Balance W gives the drag. Balances A ,  and A, &-ve $he 

l i f t .  O f  course a l l  the bsla-nces mst Cizst  read ( c r  tayed and 

brought t o  zero) wi thou t  wind md ther, read with TjSnd, i-hen the 

di f fe rence  i n  t’re t v o  rsadings will give the lorcs of t h e  w i a d .  

Flodels of  any des i r ed  weight may be me9 .  Mvlost o f  our models 

a r e  made of 9 l a s t e y  of P a r i s  with a shset-iron covering. 

Fig. 7 S ~ O C S  a nodel r ea r  view wit3 i t s  sv.sg9-ision viresl 

as sseT?- fzow t he  c o l l e c t o r ,  or blo7rer erid. Ye call recognize fhe  

frmt system of  wiyeg (a ,  b, c )  and. ti19 r2a.r system ( c i ,  e> .  

The drag wire f does ilot s l ior ,  but t:is v e r t l c z l  wire h daes. 

The bottom wire k (Fig. 6 )  ’nolds T;ke -rhcle s y s t m  undez tsnsion 

by meam of s. aeight .  A sriisll Fre; ;sms %:age Cs attac’r,ed at  5he 

q p s r  l e 3  and extench i n t o  “,e u p e r  pa;-t a f  tke  t v r a e l .  The 

a i r  m z e n t  i s  sc  uxifgrrn tha: the gege dces not -need t o  be moved 

back and fo r th .  

A s  ahcwn ir, Fig. 2, t he  air i s  led 3cin  the  c o l l e c t o r  t o  the  

blowjer by a cylir,der, wnich was loze ted  here  t c  exable the i n t r c -  



duct ion of f r e s h  air f rom ou-t-doors through t h e  basement thro-a$a 

a second cy l inds r  t o  t t e  ’alowez, i n  order t o  perform expezirler2s 

( K i t h  radia$ors ,  f c z  exaixple,) requirir ,g a constent srpply of 

fresiz sir,  The i e , t t e r  cylir.der has not  y e t  beerr b ~ i i 3 . t .  

Fig. 8 is a d iagxmna t i c  representa t ion  o f  a Salacce f o r  

measuring the six power components, namely,. t he  t h r e e  fo rces ,  

l i f t ,  drag and drift ,  and t h e  three i:iomemts about t he  X, Y ,  2 ,  

axes. This b a l m c e  is ; ;ractically f in i s3ed .  I t  has not y e t  beer, 

used, because me did not have the l e i s u r e  during ths w a r  t o  make 

the f i n & l  adjustriients. 

I w i l l  only t r y  t o  Sive you a ge~ieral-  i dea  of i t  here.  The 

nodel i s  agzin scspended by s i x  nire;, 5ut they are. here  a t t aahed  

to a r i g i d  t r i a n g u l a r  bodri .  Tke fo rces  &re -;.$sobre?- not  by t h e  

m d s l  but by t h i s  board, The zods iyhich t ransmit  $he six compo- 

Lents a r e  o ~ l y  i x l i c a t e d  here  bp armws. Rods 2 and 2 together  

LLL L I I C ~ A L  d i2ferease  gi7:e tns  i.zoment & . ~ u t  tiie 

5 and 4 give drag and t h s  momsnt aboxt ths  

5 an?L E give tlie la$eeral fclrce a d  the moment about 

o*+c ii* Ir ai-& 2 . -  1 3 -  - ‘ - -  rr;-rc C L m  - . C L  6 A . v  J 

l ong i tud ina l  sxls. 

l a t e r a l  axis. 

t h e  v e r t i c a l  axjs. V i t l  these  105s the22 i s  comected  s t i l l  ar-. 

ctner system o f  l e r e r s ,  vikerebl the r E ; s o h t i m  of t h e  fo rces  and  

rnomrts i~ e f f e c t d  ard ‘;he center of t h e  moiiients i s  loca ted  ir, 

t h e  xiddl-e 02 ‘ h e  slr cnzrent,. 

This com?liest,eC s.;rsten of 1wers s m e s  us  a l l  ca l cu la t ions  

and vie immediately read cn si:: szales, -zhich ir, this case byork 

autoE?atically,  thz  Tesul-Gs, Ilanely, ths t h ree  fo rces  and the  threi3 

moments a l ready calcwlateci f o r  us. Natural ly ,  honever , t he  allow- 
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’ ances f o r  the  resistance, o f  tne  wires themselves m s t  be RU’~SC- 

quent ly  ca lcu la ted ,  This was a diffj cul t  t a s k  brhich l z q  ci.zL:~y.?G 

t h e  conplst  ion of  the b.?I;tri.c;2. 

Fig. 9 shoi72 %,is praye l l z r  t ea+ , i rg  device,  which has  also 

bee3 conszructed fz0j1 a  ne^ point 02 vieviT. All such d=\ric;es must 

give the torque azd t h r u s t  o f  The 2ropel ie r .  Fo r  t h e  torqrue, in 

the ordinery devises ,  a aoGp1in.g mitk a longi tudina l  no t ion  i s  

required.  The cou;?linga keretofore  employed generate a moment i n  

the  s t r u c t u r e  which 1ntz:rf e r e s  w i t h  accuzats  reighfng. They US- 

u a l i y  have ball  btsazings. 

1338 and icpair the  nccuracy of t h e  measurement. 

surfaces mocld f requent ly  have t o  3e reground o r  zer laced.  

i n s t ead  of the loiq$tudirie,lly moving coupligg, the whole nechan- 

i s n  is mour,ted on ’;he float frLrne, ryhich i s  shown st the bot tom of 

t he  f igure.  

nar, r n ~  s i ~ p l y  a t ’ ;~ , ch  t h e  t h z u s t  hlanlze  t o  ti:e f l o a t  fzams and 

t’ius e l i n i n a t e  t k e  longl tudiaa l  tousling. The torque i s  s o  meas- 

~LTG t h a t  a balanse i n d i c a t s s  t h s  coil.;3le at  r 7 2 . i G h  t h e  f l o a t  i s  in 

x u - t  ra2 equilibrium, 

The b a l l s  f i n a l l y  :Tear i n t o  the  ba l l  

The contact  

Here, 

Sinco, the  t ~ k o l s  mecbaxis:x f l o a t s  hor izonta l ly ,  ne 

The p rope l l a r  i s  d r i v m  by a 5G HP elP,;=tric no tor  by meam of 

a bevel  gear. 

zuzrent. OtLer-zise t h e  la tdccr  730uld exe r t  2, force  on t h e  mechan- 

i s m ,  which r o c l d  m u s e  a ~ E O I  ir, t h e  thrTist reading. This  pro- 

T e l l e r  t e s t i z g  fievice >as m~ y e 5  bee:- t r i a d ,  beccusa the  Machine 

..iorks has had t 3  iemake tile c;li.~~,i-nI.=icel-s’ceel gear wheels s eve ra l  

A l l  the  arivf.n,- p x t s  3re  F:otected from the  air 
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t imes,  on accoun'; of some defect  i n  c a s t i n s  o r  wGrk:nazlship. 

p o p e l i e r s  which m i l l  have a diameter of one meter, wi! l  probaS1:r 

be dr iven at i?, speed as h i sh  as 5000 r.p,m. f o r  the  pinpose of 

s',udying t h e  inf luences of t he  conipressibil i ty of t he  air. 

The 

The new tunnel  is designed for an air speed of 54 m/sec. and 

i t  w i l l  probably be poss ib le  t o  reach 60 rdsec.  , corresponding t o  

ar- sir e f f i c i ency  of about 800 HP. I be l ieve  t h a t  t h i s  p l a n t  

(sc\ far as indica+,ed by the  r e p o r t s  f rom enemy coun t r i e s ) ,  at 

l e a s t  u n t i l  very i ecen t ly ,  was the  l a r g e s t  and most powerful of 

i t s  kind. For the  p o s s i b i l i t y  of making it ,  v e  must thank the  

.zer-erosity of our m i l i t a r y  adxinistra5ion. 

I would not  conclude any l e c t u r e  without emphasizing the  fact  

t::tl,t I C G u l d  not hsve ca rz i ed  the matter  through without the de- 

-Toted arLd i n t e l l i g e n t  a s s i s t axce  of my Gattirigen fellow-workers. 

I wish t o  make s p e c i a l  aen t ion  of Dr. Betz, who i s  c h i e f l y  respon-' 

s2ble  f o r  t h e  W i i l d  tuiincl, nk,ich %e had previously tested i n  model 

form, am€ ;vhich, rhen s e t  i n  opezation, gave exac t ly  the xind 

pressure we had calculated.  I gust also ner-tion Dr. ?'Jieselsberger 

for the  constructj.cn of vazi-ous fire q,rara",us. Much m a s  m r k d  

c u t  i.n com;iol=. For instance,  we a l l  helpe9 on the  pressure  r e s -  

l e t o r .  D r .  Getz a l s o  had a large s m r e  i n  cons t ruc t ing  the  bal- 

aiices. I must a l s o  make honciraj3.c nent ion of my cons t ruc t ing  en- 

zirieer from the  beginnfng of rqr mxk.  I?r. Thona, who Grigil iated 

-;Ye idees  of bu i ld ing  the f w n e l  cf r e h f o r c e d  ooncrete zfld of gii---- 

m g  it  t h e  v e r t i z a l  posi t ion.  T h i s  ws a gzeat adva3ce over OUT 

r"or;ler method & ccnstructicn. There m e  zany a tkera  %hose na111ec; 



- 18 - 
I s h a l l  not mention, b u t ' a l l  0: nhom I w i s h  t o  thxil.. , 

Profes so r  Pars>zval inquire?. -iv:?c";,'i!er :lie bzlancz v-r,uld n o t  
4. -- 

lack sens i t iveness  on accourit of t ne  four  f l a a i s .  --:e .Lnol-:ght 

t h i s  would result from the  great dizference i n  l i f t ,  i f  T, float 

went down ox oae s i d e  while t 5 e  op;Dosite f l o a t  went up. 

I n  t n i s  connection, Dr. Prandt l  claims that t'ne c c i t e r  o f -  

g rav i ty  of the E l o a t h g  por t ion  of the p rope l l e r  t e s t i n g  device 

i s  qui te  e leva ted  and t h a t ,  by s u i t a b l e  m t e r  E i l l iEg ,  the  l a t e r a l  

ne tacenter  may be brought as near as des i r ed  t o  the center  of graTr- 

i t y .  For t h i s  purpose, the s ide f l o a t s  a r e  of con.j?aratively small 

cr9sa-section i n  the v e r t i c a l  d i rec t ion .  Heace, t he  f e a r s  of 

P r o f .  Parseva l  can be diszegarded. 

Engineer Gsell svggf:sted t h a t  pcs s ib ly  the E i f f e l  t u n e l  

might be iiiore favorable  fn  i t s  p o w c  consunytion tbar! the Ggttir i-  

&en t m n e l  and t h a t  t h e  loss of power a t  the e x i t  of the former 

misilt be smaller than i n  the  yeturn currei;t 3f tna G&ttingea SUE- 

n e l ;  a l s o  t h a t ,  i n  the  GGttingen arransenent ,  power n ight  be fw- 

t?le;l conserved by gradually increasing t iAe cToss-section behind 

th2 expsriment place i n t o  a .! 'diffuserff 'oefors the beginning of t he  

r e t u r n  m-mrent. 

P r o f .  P rand t l  answered that  i n  f a c t  the  E i f f e i  tunnel  appears 

to be frox 5 t o  10% more economical t5a-n t'ne Ggttingen tunnel.  

'.:hi: cross-section of the Ghtticgen tunnel  contixJa2ly increases  



r e l a t i v e l y  small crcsa-seGty-on (?,~>c!i:,,t 20 S Q . ~ .  ,) at -the f::rst t w o  

bends, 6 cornpi.oz1lf.se mi%h t h e  ?.mf?d;i.:~ cosz,  vihich m - d d  Sa corres- 

pondingly increased by I.en.gthening the  tunnel.  E i f f e l  required 

no t u r n s  and saved sone po-n3r 4;hereb-y, but ke has the disaclvant- 

age t'nat h i s  air cureizt  re?;urnG ir a l l  SOZTS of i r ~ ? e g ~ h Z  ways 

th.;.cug% t h e  hall to the in take  ; 2 k c e  arLb thereby 5riflp w i $ h  i t  

a l l  s o r t s  of eddies and cross  CidrientS. 

adclitim t o  the honeycomb shom i~ h i s  book, su3sequently added 

ancither i -n  t he  entrance coxe, leads m e  t o  t he  conclusicn t h a t  fie 

n iev ious ly  f o m d  his aLr c i r r e n t  %oo unevex. 

cur rea t  c i r cud t ,  ve have the  advznSsqe of a very L n i f o m  current  

. .  

The f a c t  that Eiffel, in 

i3;r t h e  .clos%3 ai? 

a+, t3.e tes tFng p lace ,  ae ide  from t h ~  convsn5.erce of t he  o y n  

space f o r  mmipuia,ting the  agparz,tus Sy mean8 of  tracks a-nd c r x c s ,  

e tc .  

P r o f s s s o r  Jur,kers s t a t e 2  tha+, ,  i n  comectior,  x i th  the  tkeo- 

r e t i c a l l y  correc-l v;ider\_ing of the tuiinel behind t h e  entrance cone, 

he had cxperienze2 the d iZf lcu l ty  t h a t  t he  a e r o f c i l  de f l ec t ed  the 

air  s t r eax  so  t h e t  i t  a i d  n o t  comrletely :ill the  rTidened 'curinel, 

vLich llrpaired +,ne e f f e c t  of t3e widenicg. Ee cor-sidered the  n ~ 0 % -  '. 
-Lingen arrangement b e t t e r  than tiie Z i l f  e l .  



if 

k i n  gcod results ever, w i t l ;  t h e  Eiffcl .  arzangenerit. 

P r o f e s s o r  Prandtl, in k i s  c losi-ng r3rmrk6,  emL$msized the 

Tact  ha,+, x i t k  refei-ence t o  the cos t  of  br*ildlng, Thick plays 

quite s n  i m p o r t a t  r o l e ,  t he  :naximm economy had Seen fozegona. 

If he t-iere t c  -.mild agaii1, %s -;oi--id s t i c k  t o  the szie System, 

thho-@i i:nproverients nf ght be made ii1 sone o f  the d e t a i l s .  










